Menoua Delegation of Agriculture, Dschang-Cameroon In order to study the effects of cottonseed cake on the fertility of the male rabbit, 60 animals (40 bucks and 20 does) were used. Males were 3 months old at the beginning of the essay, and the females were multiparous. Males were divided into 4 identical groups. Four diets containing 0, 6, 12 and 18% of cottonseed cake were formulated and randomly allotted to different groups of males. All the females received the same diet (6%). The treatment lasted for 90 days. At the end of that period, 5 males were sacrificed per lot and the rest were allowed to mate each with an untreated female before being sacrificed in turn. No significant difference (p>0.05) was observed among rations for the volume of testis and weight of reproductive organs. Histological study of the testes revealed no abnormality. In the presence of an untreated female, hundred percent of rabbits realized mounting and ejaculated whichever the cottonseed cake level. Nevertheless, the volume of the ejaculate was significantly (p>0.05) low in rabbit fed 6% cottonseed cake (0.86 vs 1.66, 12%). The spermatozoa concentration in the cauda epididymis was higher in rabbit given cottonseed cake than in control, although not significantly (p>0.05). The adverse effects of the toxicant contained in cottonseed cake occurred at 18% inclusion. The result showed that it is not possible to generalize the upper limit of inclusion of cottonseed cake in the ration formulation
Introduction
Cottonseed cake is a by-product obtained by extracting oil from the cottonseed. It is a good source of protein and energy and is abundant in central African countries. For those reasons, it is generally used in the ration of domestic animals. Cotton and cotton products contain gossypol, a substance reported to be toxic (Mena et al. 2004; Jalees et al. 2011 ) to animals, mainly monogastric because polygastrics are able to detoxify free gossypol by converting it into bound gossypol in the rumen, thereby impeding its absorption into the blood (Mena et al. 2004 ). The exposition of monogastric to gossypol would affect negatively certain of their functions. Thus gossypol has long been used as a contraceptive agent (Waites et al. 1998; Romualdo et al. 2013 ).
Cottonseed cake is highly concentrated in proteins (40-46%) and fibers (Dabrowski et al. 2000; Amoa et al. 2012) . It is cheaper compared to most of the proteins sources used in Cameroon such as soya bean meal and groundnut cake. It is used in high concentration in chicken, guinea-pig and rabbit. In certain circumstances, due to the rarity associated with high cost of other protein sources, cottonseed cake is mixed alone to energy sources in the preparation of animal feed. Thus, to reach an adequate protein rate in the ration, a great concentration of cottonseed cake, probably of gossypol would be fed to animals. The objective of this study is to contribute to a best understanding of the toxic effects of cottonseed cake on rabbit buck reproductive system.
Material and methods
Sixty crossbreed medium sized rabbits, whose 40 bucks and 20 does, were used in this study. They were born in the teaching and experimental farm of Dschang University. Males were 3 to 4 months old at the starting of the trial. Females were multiparous and used to test the male fertility at the end of feeding treatment. Animals were housed in wire cages of identical dimensions (98cm x 48cm x 27cm), in a building made up of a wire-netting at its upper third. Each cage was equipped with a feeder and a water trough.
The animals were subjected to four experimental rations R1, R2, R3 and R4 containing 0, 6, 12.15 and 17.54% cottonseed cake respectively. The chemical characteristics of the experimental diets are shown in Male rabbits were divided into 4 groups of 10 animals in each considering the similarity of body weight. They were allocated randomly to four experimental diets. After 4 months of trial, half of the bucks of each lot were sacrificed, reproductive organs were collected, epididymal sperm were analyzed and testes were processed for histology. The second half was kept alive for the collection and evaluation of semen. They were then allowed to mate each with an untreated multiparous female for the evaluation of the fertility. Only males were subjected to feeding treatment.
After opening the abdomen, testes and epididymis, vas deferens and accessory glands were removed, cleaned of fat and weighed. The volume of the testis was determined by immersing a testis in beaker containing water, and the variation of water volume in the beaker was considered the volume of the testis.
The cauda epididymis was removed, weighed and thereafter minced in 0.9% NaCl solution at 37°C. Regarding the ejaculates collection, it was done by the use of a rabbit artificial vagina; ejaculated semen was collected directly into a graduated tube. The epididymal spermatozoa and ejaculates characteristics were evaluated following the guidelines of WHO (2010) . Following those guideline, the volume of the ejaculate was measured by reading directly from the graduated collection tube. The motility was evaluated by counting separately the motile and immotile sperms on slide. For the concentration, the diluted ejaculate or the solution prepared from the tail of epididymis was allowed to settle in Thomas haematocytometer chamber (the volume of the chamber is fixed), spermatozoa were counted and the concentration was calculated.
The testes were subjected to histological study. To do this, testes were immersed in Bouin's solution for fixation, dehydrated in graded ethanol series, cleared in xylen, hardened in paraffin and cut with a microtome. The pieces thus obtained were deparaffinized, stained with hematoxylin and eosin and observed under a light microscope at 400X. Data were expressed as mean ± standard deviation and percentage. The analysis of variance with one factor was used to compare means; in case of any significant difference, the DMRT was used to separate means. The chi-square test was used for the comparison of percentages
Results
. Table 2 .
The volume and weight of reproductive organs were comparable (p>0.05) among rabbits receiving cottonseed cake and controls (Table 2) .
Effects of cottonseed cake on the volume and weight of internal genitalia in rabbit buck Cottonseed cake did not affect the histological structure of testis in rabbits (Figure 1 ). Indeed, no alteration was noticed on the seminiferous epithelium, be it in control or in treated rabbit.
Among all sections observed, no vacuole has been shown whatever the treatment . The numbers of sperms per gram (g) of epididymis were significantly (P ˂ 0.05) higher in rabbits whose diet contained the highest concentration of cottonseed cake (Table 3 ). The percentage of motile sperms in the cauda epididymis did not increase significantly (p˃0.05) in animal fed cottonseed cake when compared to controls (Table 3) All the rabbit buck in the presence of . female emitted the semen (Table 4) . However, the amount of semen ejaculated was significantly (P<0.05) higher in rabbits fed 12% cottonseed cake compared to those consuming 6%. The fertility rate (50% control; 100% for treated bucks) and kids' mortality (0% for control; 5%
for treated rabbits) were comparable (p>0.05).
In contrast, no kidding was recorded with 18% cottonseed cake.
Discussion
The concentrations of cottonseed cake used in the present study did not affect the weight, the volume and the histological structure of genital organs. Those observations were not foreseeable because gossypol present in cottonseed cake is known to alter the development of reproductive organs in domestic animals (Hardley et al. 1981; Dongmo et al. 1993; El-Mahdy et al. 2005 ). Thus, 
Conclusion
The results seem to be more related to other elements of the diet than the gossypol.
